Introduction: The purpose of this study was to evaluate the reliability of the radiographic images of the main conventional x-ray techniques compared with the information from cone-beam computed tomography (CBCT). Methods: Twenty patients with unilateral or bilateral impaction of the maxillary canines had radiographic examinations by means of periapical x-rays, occlusal x-rays, panoramic x-rays, and CBCT scans. Three experienced orthodontists examined all x-rays from each patient and evaluated the radiographic images of the impacted canines. The examiners were asked to detect resorption in adjacent teeth and the buccal-palatal position of the impacted canines. Agreement between examiners was statistically tested. Results: Different diagnoses were produced by the 3 examiners regarding localization of the impacted canines and the presence or absence of root resorption of the adjacent teeth in conventional radiographic images. It appears that whereas panoramic x-ray is more sensitive in detecting resorption and tooth position, occlusal and periapical imaging have higher specificity and positive predictive value. The examiners were in good or excellent agreement when occlusal and periapicals were used for the definite diagnosis of resorption and tooth position. There was no disagreement of the examiners in CBCT images, which were used as the gold standard.
S
everal clinical and radiographic methods are used for the localization of maxillary impacted canines, with the radiographic techniques providing more accurate information for the position of impacted maxillary canines. The most commonly used radiographic method is the "tube shift method" or the "parallax technique" introduced by Clark 1 in 1910. Usually, 2 periapical radiographs are taken with a change in horizontal angulation of the x-ray beam to a reference tooth adjacent to the impacted maxillary canine area. The maxillary canine that is labially impacted moves in the opposite direction to the tube, whereas the palatally impacted maxillary canine moves in the same direction as the tube.
The vertical tube shift was described by Keur 2 in 1986 involving a panoramic radiograph and an occlusal radiograph. The occlusal radiograph is taken at an angle of 60 to 65 to the occlusal plane. Because the panoramic tube is in front of the patient's head at an angle of 7 , the palatally impacted canine moves in the same direction with the tube shift used for the occlusal radiograph. 3 Other methods involve the use of a lateral cephalogram and a posteroanterior cephalogram 4 or the combination of an orthopantomogram and a lateral cephalogram. 5 Occlusal radiographs were suggested by Hitchin 6 in 1951. Whenever a person uses the true occlusal method, the central beam ray must be parallel to the long axes of the teeth that are to be used as reference points. 2 Chaushu et al 7 described a method using a single panoramic radiograph to determine the site of impaction of an unerupted maxillary canine. The magnification method may be applied to a panoramic film, and it is based on the principle that when the teeth move farther away from the film, they appear larger compared with the contralateral teeth aligned in the dental arch. Conventional computed tomography (CT) scans have been used since 1990 as an alternative for accurate localization of impacted canines and identification of root resorption areas of the adjacent teeth. More recently, cone-beam CT (CBCT) has been introduced; it seems to be the most promising advanced method for the precise location of ectopic canines, the direct measurement of the transverse (buccolingual) inclinations of the canines and molars, the accurate identification of root resorption areas of the adjacent frontal teeth, and the selection of the less-invasive surgical exposure technique. [8] [9] [10] [11] The magnification method has been negatively criticized for its reliability, and it is stated as inaccurate for clinical usage. On the other hand, the vertex occlusal method results in reliable x-ray views, but the amount of radiation needed is questionable, and it is criticized negatively because various organs in the head and neck area are exposed to radiation before the x-ray beam influences the ectopic tooth and the film.
The parallax method is thought to be more reliable for the location of ectopic canines compared with the magnification and vertex occlusal methods. Also, with the parallax method, one may be exposed to a smaller radiation dose especially when the initial radiograph from which the impaction was diagnosed may be one of the radiographs used for the parallax method. Nevertheless, with conventional radiographs and methods, it is impossible to justify the depth of the impaction-in other words, the distance of the impacted tooth from the dental arch. Intraoral and panoramic radiography provide 2-dimensional representations of 3-dimensional (3D) tissues. If any element of the geometric configuration of an object is compromised, the radiographic image can be false. For impacted teeth, radiographic projections with different beam angulations may help in more accurate imaging and localization of the object, although interpretation of planar "shadows" may be difficult due to the complex anatomy of surrounding structures. 12 Therefore, the radiographic information obtained may not always ensure the most appropriate planning of surgical and orthodontic intervention. Also, it seems that there is no accurate information concerning the pathology caused by the ectopic tooth to the adjacent teeth, such as root resorption. With CBCT, 3D information is obtained at high resolution, and the total radiation needed is considerably less than conventional CT scanning. Radiation dosage of CBCT is generally much less compared with conventional medical CT 13 ; with recent improvements in technology, it is similar to a panoramic x-ray. 11, 14 Due to the ability of CBCT to collimate the beam, the radiation exposure to the region of interest may be limited. 15 CBCT scans can be requested with a small (maxilla or mandible), medium (maxilla and mandible), or large (face and cranium) field of view. As the field of view increases, so does the radiation dose. Consequently, the examination should include only the areas of diagnostic interest to minimize the radiation dose and follow the ALARA (as low as reasonably achievable) principle.
14 Furthermore, the milliamperage setting must be the lowest, and the exposure time must be the shortest. A full scan of the face and cranium (with field of view .15 cm) can be as low as 52 mSv, and the effective dose for a panoramic radiograph ranges from 6 to 50 mSv, 16 and the complete series of 2 dimensional radiographs is 34.9 mSv. 17 However, there are still big differences in radiation dosages between manifacturers of cone beam devices. 16 The aim of this study was to investigate the reliability of conventional radiographic techniques (panoramic, occlusal, and periapical) in detecting the location of impacted maxillary canines and resorption in adjacent teeth. CBCT was used as the gold standard.
MATERIAL AND METHODS
The study population included patients with impacted canines seeking overall routine orthodontic treatment between 2008 and 2010 at the School of Dentistry of the National and Kapodistrian University of Athens in Greece. The sample comprised 20 patients who (1) after routine clinical and radiographic examination, a CBCT was considered to provide more information about the impaction and possible root resorption of the anterior teeth; and (2) agreed for a CBCT to be taken and signed the informed consent form. The main criteria for the use of CBCT, after the routine radiographic examination, was the degree of ovelapping of adjacent teeth that prevented accurate diagnosis of resorption. For some patients, the oral surgeon preferred to have tomography images to better evaluate access and timing of exposure for the impacted tooth. 18 The range of ages was 10 to 17 years. The study was approved by the ethics committee of the School of Dentistry of the National and Kapodistrian University of Athens. The most common radiographic methods were initially applied to locate the impacted maxillary canines. Panoramic, occlusal, and periapical radiographs were taken using the "tube shift method." Later, CBCT scans were obtained for each patient. The 3 diagnostic methods were evaluated and compared with the CBCT images, which were used as the gold standard for the detection of resorption and the location of the impacted teeth. 19, 20 That means that we considered that CBCT images provide accurate diagnoses in every patient. 11, 14, 21 All radiographs were taken in the Radiology Department at the School of Dentistry of the National and Kapodistrian University of Athens. For the panoramic x-rays (Fig 1) , a Promax unit (Planmeca, Helsinki, Finland) was used. For the occlusal (Fig 2) and periapical (Fig 3) x-rays, a Prostyle intra x-ray unit (Planmeca) was used. For the CBCT images (Fig 4) , a NewTom VGI (QR, Verona, Italy) was used. Three experienced orthodontists (M.K., E.B., M.S.) (at least 15 years in practice) examined all x-rays from every patient. They evaluated radiographic images of the impacted canines as well as the radiographic images of the lateral and central incisors of the ipsilateral side. All radiographic x-rays were evaluated for the following parameters: (1) buccal or palatal impaction of the canine, (2) possible root resorption of the adjacent lateral incisor, (3) possible root resorption of the ipsilateral central incisor, and (4) root resorption of any other tooth.
Interobserver variability (measure of the reliability of the diagnostic procedure) when the observers used the different imaging methods to diagnose resorption, and tooth position was also measured.
RESULTS
The highest value among the 3 observers was used to test the validity of the 3 conventional radiographic methods for detection of resorption and position of the impacted canine.
It appears that the panoramic x-ray is the most sensitive imaging technique for the detection of resorption. In other words, it means that the orthodontist is more likely to detect resorption of the adjacent teeth when a panoramic x-ray is used. On the other hand, the occlusal and periapical radiographs appear to be more specific. That means that the clinician is more likely to identify the lack of resorption when using one of these imaging techniques. Occlusal and periapical x-rays have high predictive values, which means that the clinician can correctly diagnose the presence of resorption when one of these methods is used (Table I) .
Panoramic x-ray is also the most sensitive technique when it comes to the detection of the palatal-buccal position of the impacted teeth followed by the occlusal and periapical x-ray. In this case, it is easier to determine that the tooth is in a palatal position when a panoramic radiograph is used. Periapical x-ray is considered the most specific technique. In our case, it means that when it is used, we can eliminate the possibility of the impacted canine being in a specific position (eg, palatal). Again, occlusal and periapical x-rays have a higher positive predictive value, meaning that the clinician can more safely diagnose impacted canine localization when one of these x-rays is used (Table II) . The interobserver agreements were calculated with the Cohen kappa coefficient. The kappa coefficient corrects for the chance agreement that would occur if the measurements were totally unrelated. When measurements agree only at the chance level, the value of the kappa coefficient is zero. When observations agree perfectly, the value of the kappa coefficient is one. We considered kappa values higher than 0.75 to express excellent agreement, whereas values between 0.40 and 0.75 expressed good agreement. It appears that the experience of the 3 examiners played a role when evaluating for resorption. For the detection of resorption, all examiners were in good agreement using all radiographic methods. Higher agreement appeared to be in the panoramic x-ray, with lower agreement in the occlusal x-ray (Table III) . For palatal-buccal position of the teeth, there was no agreement between the examiners when the panoramic x-ray was used. Conversely, there was excellent agreement for occlusal and (Table IV) .
DISCUSSION
A canine may be considered to be impacted when it is not apparent in the dental arch and its root development is fully completed or advanced. The aim of our study was to evaluate the reliability of different radiographic methods concerning the direction of canine impaction, possible root resorption of adjacent teeth, or root resorption of any other tooth in the maxillary arch. Three experienced orthodontists, each practicing for over 15 years, were the examiners for the evaluation of the different radiographs for impacted canines.
Conventional radiographs have constraints such as overlaps, superimposed projection, 22 confusion between palatal and buccal location of teeth, image magnification, horizontal distortion, 23 and horizontal deformation. 24, 25 In contrast, CBCT images have accurate dimensions of the impacted canines and accurate labiolingual localizations.
CBCT has been developed since the mid-1990s as a result of the need to produce 3D information of the CT image taken by conventional scans. The CBCT scanner rotates 360 around the patient's head and obtains usually 150 to 600 unique radiographic views for 5 to 40 seconds. 17 The beam size can match the sensor size, but if needed it can match the size of a specific anatomic structure to be examined, eliminating the radiation dosage. Computer algorithms are used for the ultimate 3D reconstructions of the images taken by the CBCT scans. 26 With the CBCT scan, a complete image of the examined object is obtained by a single rotation of the radiation source in contrast to multiple slices taken with conventional CT devices. As a result, the focus of the produced cone beam is better, and the scatter radiation is less compared with conventional CT. Another advantage of the CBCT scan is that the patient is placed in an upright position in the unit, resulting in less distortion and better reconstruction of the facial soft tissues. Images may be visualized with multiplanar or orthogonal (coronal, axial, or sagittal) options. 17 Although the popularity of CBCT use in orthodontics is increasing, skepticism still exists for its broad application to all orthodontic patients. 14 It is suggested that CBCT radiographs may be taken of certain patients: those with clefts, those with impacted teeth for the assessment of the exact tooth position and identification of possible root resorption due to impaction, and those undergoing orthognathic surgery. 27 Currently, CBCT may be used for the following 10, 28, 29 : (1) identification of root morphology and resorption, (2) assessment of root and tooth length and alveolar bone height, (3) identification of buccolingual inclinations of the canines and molars, (4) information on craniofacial growth, (5) airway analysis and prediction of obstructive sleep apnea, (6) assessment of bone quantity and quality, (7) assessment of normal and pathologic anatomy of the temporomandibular joint, (8) assessment of maxillary expansion, (9) quantification of cleft lip defects and determination of successful alveolar bone grafts, and (10) quantitative and qualitative comparisons of orthognathic surgery patients.
With CBCT technology, the orthodontist can have the diagnostic information of any type of intraoral radiographs, panoramic and cephalometric radiographs, and temporomandibular joint series images. Additionally, CBCT allows the production of additional images such as axial views taken by no other method and distinguished cephalograms for the right and left sides of each patient.
In this study, comparing the CBCT images with the traditional radiographic diagnostic methods (panoramic, occlusal, and periapical x-rays), we found differences in the localization of the impacted canine and the detection of adjacent tooth resorption. A critical finding was the 78% agreement among examiners in the direction of the impaction. This is a key issue concerning the treatment decision making of both surgeons and orthodontists. Our findings are similar to those of Haney et al. 30 Root resorption was diagnosed in a higher percentage with the CBCT images. Due to the lack of detection of resorption craters, since the NewTom technique was used, the examiners assessed only the presence or absence of root resorption. 31 Our findings agree with those of Alqerban et al, 32 who found a significant difference between the 2-dimensional and 3D images of the impacted canines.
In our study, root resorption of the lateral incisors due to impacted canines was detected in 32% of the patients. This result is in the range of data already published. 22, [32] [33] [34] [35] [36] Regarding the reliability of these different metods, it was found that the panoramic x-ray was the most sensitive imaging technique for the detection of both the impacted canine position and resorption of adjacent teeth. On the other hand, occlusal and periapical radiographs contributed to identify the lack of resorption and to eliminate the possibility of the impacted canine being in a palatal or buccal position. Also, occlusal and periapical radiographs may be helpful for a safer diagnosis for detecting resorption of anterior teeth and localization of the impacted canine, but CBCT images remain the most accurate diagnostic method concerning localization of impacted canines and root resorption of the adjacent teeth. CONCLUSIONS 1. Panoramic x-ray is more sensitive in detecting resorption and tooth position, whereas occlusal and periapical imaging have higher specificity and positive predictive values. 2. There was a significant difference for the perceived labio-palatal position of the impacted canine between examiners when panoramic radiographs were used. 3. There was good or excellent agreement when occlusal and periapical x-rays were used for the definite diagnosis of resorption and tooth position. 4. There was no disagreement of the examiners for the CBCT images. 5. Conventional radiographic methods demonstrate a more subjective diagnostic procedure compared with CBCT images. 6. CBCT is a more accurate and precise examination method compared with conventional radiography for the localization of impacted teeth and for the identification of root resorption of the adjacent teeth.
Overall, CBCT seems to be the only reliable and accurate diagnostic method for the exact 3D localization of impacted maxillary canines and root resorption of the adjacent teeth.
